Abstract-Shower
INTRODUCTION
Improving shower water efficiency leads to energy savings and carbon emissions reduction. To encourage shower water conservation in Hong Kong, a voluntary Water Efficiency Labelling Scheme (WELS) on showers for bathing has been implemented by the Hong Kong Water Supplies Department (HKWSD) since 2009 [1] . A study by Okamoto et al. [2] reported that shower spray properties, including water distribution pattern, temperature drop and spray spread angle, influenced user satisfaction with showerheads. To efficiently promote the WELS rated showerheads in Hong Kong, a local study of shower comfort is necessary.
This study investigates the shower spray properties of 7 sampled shower heads experimentally and evaluates their relationships with user satisfaction according to shower comfort feedback. Fig. 1 shows a schematic diagram of the laboratory-made water circulation system used in the experiments. An electronic scale was placed underneath a showerhead to measure the force exerted by the spray on the body. The top of the scale was 0.4 m from the showerhead faceplate. The scale was replaced by an annular gauge when measuring water distribution patterns within the spray cross-section. As shown in Fig. 2 , the annular gauge had four circles of graduated cylinders. A high speed camera was prepared for taking photos of the discharging showerheads. Fig. 3 exhibits the 7 showerheads sampled.
II. EXPERIMENTAL STUDY
Based on the measurement method by the HKWSD [1] , the flow rates of all showerheads were measured over an inlet pressure range of 0.5 -2.5 bar. The spray velocity, spray spread angle, spray coverage, force exerted by the spray on the body and water distribution pattern within the spray cross-section were measured at a pressure of 1 bar. ) at the location 20±5mm underneath the showerhead can be obtained from a series of photos taken by the high speed camera. Similarly, the spray spread angle θ s ( o ) can be determined by the photos. The force exerted by the spray on the body Fs (N) can be determined using the following formula, where M (kg) is the mass reading from the electronic scale when the showerhead is operating, m 0 (kg) is the mass of the water left on the electronic scale after showering, and g (m s -2 ) is the gravitational acceleration,
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The shower head resistance factor K (kPa min 2 L -2 ) is expressed by the following equation, where P (kPa) is the pressure loss and Q (L min -1 ) is the water flow rate,
III. SUBJECTIVE ASSESSMENT
A total of 30 Hong Kong residents were recruited in this study. They washed the back of their hands using the setup a s shown in Fig. 1 and their feedback on the sampled showerh eads was collected. The optimum pressures of the sampled showerheads, i.e. the shower spray pressures that were most satisfying to the p articipants, were determined. Participants' feedback on the s pray properties, including water flow rate, spray angle, spray coverage and spray force, was evaluated using a four-point s emantic differential scale ('1' indicates the most influential f actor and '4'indicates the least influential factor for shower c omfort). The showerheads sampled were ranked by the partic ipants based on shower comfort via a seven-point semantic d ifferential scale ('1' indicates the most satisfactory showerhe ad and '7' indicates the least satisfactory showerhead). Table 1 summarizes the characteristics and spray properties of the 7 shower heads sampled.
IV. RESULTS AND DISCUSSION
The feedback results shows that spray force (average scale 1.5) was considered by the participants as the most influential factor determining shower comfort, followed by water flow rate (average scale 2.1).
Relationships between satisfaction ranking of the showerheads sampled and resistance factor K, spray spread angle, spray coverage, spray velocity, spray force and optimum flow rate are graphed in Fig. 4 . 
V. CONCLUSION
A voluntary Water Efficiency Labelling Scheme (WELS) on showers for bathing has been implemented by the Hong Kong Government since 2009for sustainable water use. This study experimentally examined the shower spray properties of 7 sampled shower heads. The feedback from 30 participants showed that spray force and water flow rate were the two most influential factors determining shower comfort. It was found that if either the spray spread angle (e.g. 17 o , 40 o ), spray coverage area (e.g. 0.122 m 2 , 0.232 m 2 ) or spray force (e.g. 1.67 N, 2.43 N) was too large, the level of shower comfort would decrease. Furthermore, shower comfort may be independent of spray velocity and flow rate.
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